Introduction
The use of highly active antiretroviral therapy and the widespread practice of antimicrobial prophylaxis as well as recent alterations in the demographics of the HIV infection have been associated with a change in the relative frequency and patterns of pulmonary infections associated with AIDS. Bacterial respiratory infections, including infectious airways disease and pneumonia, currently account for most pulmonary infections diagnosed in HIV-infected individuals in the United States and other developed countries [1] . Because various AIDS-related pulmonary diseases cannot be distinguished solely by clinical examination findings, and considering that there is significant overlap of pulmonary symptoms among various pulmonary disorders, imaging often plays an important role in the diagnostic evaluation of such patients. In this article, we review the spectrum of nontuberculous bacterial respiratory infections in AIDS patients and their characteristic chest radiography and CT findings, with a special emphasis on recent publications.
Bacterial pneumonia HIV infection and risk of bacterial pneumonia
The overall rate of bacterial pneumonia in HIV-infected persons is approximately six times greater than in the general population [2] . Mayaud et al. [3••] reviewed the literature regarding bacterial lower respiratory tract infections in HIV-infected patients. These authors reported that bacterial pneumonia and acute bronchitis are currently the most common respiratory disease in HIVinfected individuals in developed countries. Moreover, these infections are frequently the first clinical manifestation of HIV infection. The incidence and severity of bacterial lower respiratory infections increase in HIVinfected patients as the CD4 lymphocyte count declines. Intravenous drug abusers constitute the HIV risk factor group with the highest prevalence of bacterial infection. In this population, bacterial pneumonia rates are more than double those of other HIV risk factor groups, regardless of the CD4 lymphocyte count [2] . A notable demographic trend of HIV infection in the United States in the past decade has been an increased frequency of HIV infection among intravenous drug abusers and a decreased prevalence of infection among male homosexuals. This demographic trend may contribute to the increased prevalence of bacterial respiratory infections in AIDS [1].
Bacterial pneumonia in AIDS patients is associated with high recurrence rates, and its occurrence is predictive of reduced survival time from AIDS [3••]. Considering these data, it is not surprising that bacterial pneumonia was found to be the most frequent pulmonary complication (42%) in a recent autopsy series of 233 HIV-infected individuals [4] .
The introduction of highly active antiretroviral therapy has resulted in a slightly decreased incidence of bacterial pneumonia owing to common bacterial pathogens as well as a profound decrease in the rate of lower respiratory infections caused by Pseudomonas aeruginosa and opportunistic bacteria [3••]. Paul et al. [5] investigated the influence of the use of highly active antiretroviral therapy on hospitalization rates of HIV-infected patients. These investigators compared hospitalization rates and causes during four parallel time periods between 1995 (when antiretroviral therapy was first introduced) and 2001. They found a continuous increase in CD4 cell counts of outpatients, which was associated with a reduced incidence of bacterial pneumonia and opportunistic infections and an associated persistent decline in hospitalization rates.
Another factor that may influence the incidence of bacterial respiratory infections is the widespread use of Pneumocystis carinii pneumonia (PCP) prophylaxis. Not surprisingly, this factor has dramatically decreased the incidence of PCP [3••]. The use of trimethoprimsulfamethoxazole (TMP-SMZ) as a PCP prophylactic agent may also provide a lesser degree of protection from bacterial infection [4] , although the significance is uncertain. For example, Eigenmann et al. [6•] assessed the influence of withdrawal of TMP-SMZ-based PCP prophylaxis on the incidence of community-acquired pneumonia among HIV patients receiving antiretroviral therapy. These authors compared the incidence of bacterial pneumonia among a group of 336 patients who discontinued TMP-SMZ with that of 75 patients who fulfilled the criteria for discontinuation but continued receiving prophylaxis. Because the overall incidence rates of bacterial pneumonia for the two groups were not significantly different, these investigators concluded that among patients with a sustained CD4 cell count >200 cells/µL, the discontinuation of PCP prophylaxis is not associated with an increased risk of bacterial pneumonia.
Spectrum of organisms
Similar to the general population, bacterial pneumonia in HIV-infected individuals is usually community acquired. Streptococcus pneumoniae is the most common infecting organism. 
Clinical and radiographic features of common bacterial pathogens
HIV-infected individuals with bacterial pneumonia usually have the same signs and symptoms as the general population. Typically, such patients present with a relatively rapid onset of clinical symptoms such as productive cough, fever, shaking chills, pleuritic chest pain, and dyspnea. Symptoms are usually present for less than 1 week before a patient seeks medical attention [1,2]. In contrast, patients with PCP typically present with symptoms of greater than 1 week in duration [1].
Gold et al. [12••] studied hospitalized HIV patients with abnormal chest radiographic findings and a lack of respiratory symptoms. Interestingly, none of the patients in this series had bacterial pneumonia as a cause of the radiographic findings. In contrast, mycobacterial infection was a common cause of infection in this series. Thus, bacterial pneumonia is rarely the cause of radiographic findings in the absence of clinical symptoms. This work also raised the question of whether one should obtain a routine screening chest radiograph in asymptomatic HIV-infected persons. However, because most of the patients in the study group had constitutional symptoms and advanced immunosuppression, Schneider and Rosen [13] suggested that the work of Gold et al. supports the use of chest radiography only as a workup tool for HIV patients with extrapulmonary symptoms and not as a true screening tool for all HIV-infected individuals.
The most common radiographic pattern in bacterial pneumonia is focal consolidation (Fig. 1) , which typically presents in either a segmental or lobar distribution [1,2,9,13,14•]. In contrast, PCP typically presents as a bilateral pattern of pulmonary opacities, which may range from hazy, "ground-glass" opacities to frank areas of consolidation [1] (Fig. 2) . French et al. [14•] recently studied the radiographic appearance of bacteremic pneumococcal pneumonia in 122 hospitalized patients in Nairobi, Kenya. These authors described the typical findings of pneumococcal pneumonia and compared their frequency between HIV-infected and uninfected patients. Notably, there were no significant differences in the chest radiograph appearances by HIV status. The most common radiographic finding in both groups was the presence of consolidation in either a lobar or multilobar distribution. Pleural effusions were less frequent. When present, they were usually unilateral and occupied less than one-third of the hemithorax (Fig. 1) . Mediastinal lymphadenopathy was present in a minority of cases. Although there was no association with HIV status, there was a strong association with co-infection with tuberculosis.
It is important to be aware that a radiographic pattern other than focal consolidation is observed in almost half of all cases of bacterial pneumonia [1, 15] . Thus, it is not surprising that bacterial pneumonia has been found to be more difficult to diagnose radiographically than either PCP or pulmonary tuberculosis [15] . Similarly, bacterial pneumonia has been shown to be a common mimic of other infections. For example, a bilateral pattern of alveolar and/or interstitial opacities may occasionally be observed in the setting of bacterial pneumonia, which can mimic PCP [15] .
Recently
-resolution CT scans of immunocompromised patients with parenchymal nodular opacities of proven infectious etiology. Twenty patients had bacterial infection. Almost all (95%) of these patients had multiple nodules, which measured >10 mm in diameter. In contrast, patients whose nodules were all <10 mm in diameter were most likely to have a viral infection.
Figure 1. Bacterial pneumonia in a 32-year-old HIV-positive man presenting with an acute onset of fever and cough
Posteroanterior (A) and lateral (B) chest radiographs demonstrate focal consolidation in the right lower lobe, which was owing to a community-acquired bacterial pneumonia. The presence of focal consolidation is highly suggestive of bacterial pneumonia. Also note a small right-sided parapneumonic pleural effusion.
Cavitary pulmonary nodules are another recognized radiographic finding often associated with bacterial pneumonia in HIV-infected patients. P. aeruginosa and S. aureus are the most frequently found pathogens in cavitary lung lesions [18] . S. aureus infection is frequently associated with septic emboli among intravenous drug abusers. This subset of patients is also prone to develop empyemas [19] . Less common bacterial causes of cavitary nodules or cavitary consolidation include N. asteroides and R. equi infections, which are discussed in the next section of this article. Mycobacterial and fungal infections are important differential diagnostic considerations for these findings.
Although conventional radiographs are the mainstay of imaging of bacterial respiratory infections in HIVinfected persons, CT may be useful in some patients with suspected bacterial pneumonia, especially when the chest radiographic findings are atypical and when culture or serology has failed to identify an organism. For example, nodules, cavities, and pleural fluid collections are often better delineated on CT than on conventional radiographs. CT may thus be useful for further characterizing atypical radiographic findings, for diagnosing complications of infection such as abscess or empyema, and for guiding biopsy or drainage procedures in selected cases.
Although intrathoracic lymph node enlargement is not usually evident on chest radiographs of patients with bacterial pneumonia, mildly enlarged nodes are not infrequently seen on CT scans of such patients [15,20••,21] . Jasmer et al. [20••] studied the chest CT scans of 318 HIV-infected patients to determine which clinical and radiographic findings would be helpful for predicting the specific etiology of CT-diagnosed intrathoracic lymphadenopathy. In their series, one-third of the patients had lymphadenopathy. The most common causes were tuberculous and nontuberculous mycobacterial disease, bacterial pneumonia, and lymphoma. In this study, the following factors were found to be independent predictors of bacterial pneumonia: symptom duration of less than a week, the presence of dyspnea, evidence of airway disease on CT, and black race.
HIV-infected individuals with uncomplicated bacterial pneumonia caused by typical pathogens usually have a clinical and radiographic response to antibiotic therapy with a time course similar to that of normal hosts undergoing treatment for community-acquired pneumonia. In contrast to normal hosts, however, AIDS patients with bacterial pneumonia more often have associated bacteremia [3••]. However, the radiographic pattern of pneumococcal pneumonia in HIV-infected patients is not influenced by the presence of bacteremia [22] .
Clinical and radiographic features associated with unusual bacterial pathogens
HIV-infected individuals with advanced immunosuppression are also at risk of a variety of unusual organisms, including R. equi, N. asteroides, B. henselae, and B. quintana. A multicenter study was conducted in Spain to assess the clinical characteristics and the factors that influence the prognosis of HIV patients infected by Rhodococcus [11••]. Sixty-seven patients were included in this study, with a mean CD4 count of 35 cells/µL. In this study cohort, patients infected with R. equi usually presented with an indolent course of fever, cough, and expectoration associated with bacteremia. Radiographically, R. equi pneumonia typically presented with lung parenchymal opacities that were often associated with cavitations. Multilobar involvement and pleural effusions were infrequently observed. In this series, onethird of the patients died of causes related to R. equi infection. Notably, the administration of highly active antiretroviral therapy, however, can improve the prognosis of AIDS patients with R. equi infection [11••]. The clinical presentation of Nocardia infection is similar to that of Rhodococcus, but Nocardia infection is more frequently disseminated with extrapulmonary involvement [10•]. The most common radiographic presentation of Nocardia respiratory infection is a focal or diffuse Bacillary angiomatosis, an infection caused by B. henselae and B. quintana, is characterized by a neovascular proliferation involving multiple sites in the body including the skin, liver, spleen, lymph nodes, and lung. Bacillary angiomatosis has several radiographic manifestations in the chest, including endobronchial lesions, parenchymal nodules, pleural effusions, and chest wall masses [23, 24] . Mediastinal lymphadenopathy is a common manifestation and is characterized by intense enhancement after administration of intravenous contrast.
Pyogenic airways disease
HIV-infected patients are also at increased risk of developing infectious airways disease such as bacterial tracheobronchitis and bronchiolitis [25] [26] [27] . The most common bacterial organisms responsible for infectious airways disease include H. influenzae, P. aeruginosa, Streptococcus viridans, and S. pneumoniae [25, 26] .
Pyogenic airways infections lead to inflammatory changes involving the walls of the bronchi and bronchioles, resulting in airway wall thickening and dilation [25] . These changes may be irreversible if not treated early with antimicrobial agents [25] . Interestingly, bronchiectasis has been noted to develop in a relatively short time after an episode of pulmonary pyogenic infection in HIV-infected individuals [27] . This shortened timeframe suggests that AIDS patients may experience an accelerated form of bronchiectasis [27] . In a minority of HIV-infected individuals, bronchiectasis may occur in the absence of a history of infections and may subsequently predispose affected patients to future recurrent infections [28] .
HIV-infected patients with pyogenic bronchitis or bronchiolitis typically present with dyspnea, fever, and productive cough [1] . Early in the course of bacterial infectious airways disease, conventional chest radiographs may fail to demonstrate any obvious abnormality. However, in some cases of infectious bronchitis, bronchial wall thickening ("tram tracks") may be observed radiographically [25] . Extensive bronchiolitis may create an apparent interstitial pattern of reticulonodular opacities, which represents impacted bronchioles. This is typically symmetrically distributed, with lower lobe predominance. Such findings may mimic PCP on chest radiographs [25] .
Chest CT, particularly high-resolution CT, is more sensitive and specific than radiographs for detecting inflammatory changes of the bronchi and bronchioles [25] . Thus, in a symptomatic patient with dyspnea, fever, and a productive cough, high-resolution CT scan may demonstrate findings of small airways disease despite the absence of radiographic findings [25] .
The characteristic findings of infectious bronchiolitis on high-resolution CT consist of centrilobular opacities arranged in a "tree-in-bud" pattern, manifested by small, Y-and V-shaped opacities in the lung periphery. These opacities represent bronchioles that are impacted with inflammatory secretions [25, 29] . Focal regions of air trapping may also be evident on expiratory scans [30] . Although bacteria are the most common etiology of small airways disease in AIDS patients, the differential diagnosis for this pattern includes mycobacterial, viral, and fungal infections.
Recently, Hidalgo et al. [31•] used high-resolution CT to distinguish between PCP and non-PCP lung infection in 30 AIDS patients with inconclusive chest radiograph findings. In this study, these investigators defined an examination as "suggestive of PCP" when a ground-glass pattern in the upper fields was the predominant finding and "not suggestive of PCP" when consolidation or a tree-in-bud appearance was found. Using these criteria, these investigators reported a very high accuracy for distinguishing between PCP and other lung infections including bacterial infection. Interestingly, small airways disease was not observed in any of the patients with PCP.
Conclusion
Bacterial respiratory infections, including bacterial airways disease and pneumonia, are currently the most frequent pulmonary infections in HIV-infected individuals in developed countries. The most common pattern of bacterial pneumonia on chest radiographs is the presence of focal consolidation. Pyogenic infectious airways diseases is challenging to diagnose on conventional radiographs. In contrast, high-resolution chest CT features are characteristic. These features include bronchial dilation and wall thickening as well as small nodular and branching centrilobular opacities.
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